Chemical synthesis of oligonucleotides containing damaged bases for biological studies.
Since nucleic acids are organic molecules, even DNA, which carries genetic information, is subjected to various chemical reactions in cells. Alterations of the chemical structure of DNA, which are referred to as DNA damage or DNA lesions, induce mutations in the DNA sequences, which lead to carcinogenesis and cell death, unless they are restored by the repair systems in each organism. Formerly, DNA from bacteria and bacteriophages and DNA fragments treated with UV or gamma radiation, alkylating or crosslinking agents, and other carcinogens were used as damaged DNA for biochemical studies. With these materials, however, it is difficult to understand the detailed mechanisms of mutagenesis and DNA repair. Recent progress in the chemical synthesis of oligonucleotides has enabled us to incorporate a specific lesion at a defined position within any sequence context. This method is especially important for studies on mutagenesis and translesion synthesis, which require highly pure templates, and for the structural biology of repair enzymes, which necessitates large amounts of substrate DNA as well as modified substrate analogs. In this review, the various phosphoramidite building blocks for the synthesis of lesion-containing oligodeoxyribonucleotides are described, and some examples of their applications to molecular and structural biology are presented.